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ABSTRACT 



In a computer system having a cpu, a device for dynamic cpu 
clock adjustment. The device is comprised of a clock pulse 
generator for generating a clock frequency. The clock fre- 
quency is coupled to the cpu and is used by the cpu to 
synchronize and pace its internal operations. The clock 
frequency generated by the generator is variable over a 
range. A controller is coupled to the clock pulse generator, 
for adjusting the clock frequency from the clock pulse 
generator over the range. The controller interfaces with the 
computer system through an interface coupled to the con- 
troller. Through the interface, the controller communicates 
with the computer system or cpu and determines a load 
placed on the cpu. The controller adjusts the clock frequency 
generated by the clock pulse generator such that the clock 
frequency increases when the load on the cpu increases and 
the clock frequency decreases when the load on the cpu 
decreases, dynamically adjusting the clock frequency in 
response to the load on the cpu. 

28 Claims, 6 Drawing Sheets 
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APPARATUS AND METHOD FOR DYNAMIC batteries). Battery power of the mobile device is quickly 

CENTRAL PROCESSING UNIT CLOCK exhausted. Complex software applications, programs (or 

ADJUSTMENT even portions of applications/programs) which place a heavy 

computational load on the cpu, very much need the execu- 

HELD OF THE INVENTION 5 tion speed of a high clock frequency cpu to perform 

The field of the present invention pertains to central adequately. As such, many modern software applications 

processing unit (cpu) clocks. More particularly, the present b <*°™ ™^ on ' devices incorporating » ^ 

invention relates to an apparatus and method to dynamically low clock frequency cpu. A small or relatively simple 

adjust cpu clock frequency in response to cpu application P ro S ram < or P° rUoDS of apphcatioiis/programs) 

loading 10 however, generate a small computational load on the cpu and 

are just as effective on a slow device as on a fast device. A 

BACKGROUND OF THE INVENTION fast cpu running such a program, or portion of a program, 

~ A JiJA * • . • * confers no user perceptible performance benefit to offset 

Computers are being used today to perform a wide variety ^^.^ ^ £ rat £ n an / oUjer Wems ^ 

of tasks. Many different areas of business, industry, ^ ^ excessive co^p^,,. This j, 

government, education, entertainment, and most recently, , ' rt V • c 4 . f« f ■ • „ f4 - „ 

5. . j • J* because me cpu may in fact be idle for large periods or tune 

the home, are tapping into the enormous and rapidly grow- ... r / . ..... „ . ^ 

, * i- j t j f * j t i while awaiting certain activities, such as user input, to be 

ing list of applications developed for today s increasingly . , ° 

powerful computer devices. Computers have also become a ^ ' . t . , L 

key technology for communicating ideas, data, and trends ^ what * needed is a device which overcomes the 

between and among business professionals. These devices 20 °™ ***Ung problems of high clock frequency cpu s. What 

have become so useful and ubiquitous, it would be hard to » * 30 apparatus which will solve other associated 

imagine today's society functioning without them. problems that may arise with high clock frequency, such as 

" 4 . . . c excessive power consumption. Many software applications 

Computers operate by executing programs, or a series of . t1 j , - \ , . . , ,. r \« . * . 

. 4 4 j • */ 5nT j*u • typically demand very fast cpu s m order to deliver their best 

instructions, stored in its memory. These programs, and their « * **u tu u * - v « 

r . * ti / i r 5T* ii. 25 overall performance to the user. Thus, what is needed is a 

series of instructions, are collectively referred to as software. . . , 4 ... \. 

o c._ , , , lL : . . - . method and apparatus which runs software programs or 

Software is what makes the computer devices function and " c ^ y , ~ c ^ 

£ tl * a j • portions of programs, at peak performance for the user, yet 

perform useful tasks. The utility of the computer device *■ . ■ j * \ .> * .u . . , ' 

& *u ■ « «• . .f, . . . does not lead to over heating of the cpu or other problems 

often hinges upon the speed and efficiency with which the 4 . A . - • » l i w 

* * a. A. a u that may arise from running cpu s at high clock frequencies, 

computer executes the software program. As programs have 3Q 7 . consum tion 

become larger and more complex, the execution speed of the P P * 

computer becomes one of the dominant factors in the utility SUMMARY OF THE INVENTION 

of the computer device. In a compute,. system naving a ^ the present invention 

Execution speed of a computer device depends on the pertains to a device for dynamic cpu clock adjustment. The 
performance characteristics of the individual components 35 device is comprised of a clock pulse generator for generating 
comprising the computer device (i.e. the central processing a ciock frequency. The clock frequency is coupled to the cpu 
unit, bus system, 10 system, and the like). Of these and ^ by tne ^ t0 synchronize and pace its internal 
components, the cpu, which maybe integrated with neces- operations. The clock frequency generated by the generator 
sary additional circuits (for performing memory access, is variable over a range. A controller is coupled to the clock 
input output functions, and the like) onto a single chip called 40 pulse generator, for adjusting the clock frequency from the 
a microprocessor, and the speed at which the cpu executes clock puIsc generator over the range. The controller inter- 
software instructions, is often most critical to overall execu- faces ^ tne computer system through a system interface 
tion speed of the computer device. Generally for all cpu couplcd to thc controller. Through the system interface, the 
designs, the faster the individual instructions comprising a controller communicates with the cpu and the computer 
software program are executed, the faster the overall speed 45 system an d determines a load placed on the cpu. The 
of the computer device using that cpu. controller adjusts the clock frequency generated by the clock 

One of the methods used by designers to increase soft- pulse generator such that the clock frequency increases 

ware program execution speed is to increase the cpu "clock when the load on the cpu increases and the clock frequency 

speed." Clock speed refers to the rate at which the cpu steps decreases when the load on the cpu decreases, dynamically 

its way through the individual software instructions. With 50 adjusting the clock frequency in response to the load on the 

many cpu designs, one or more instructions are executed per cpu. 

clock cycle. Increasing the number of clock cycles per nc dynamic adjustment of the clock frequency in 

second directly increases the number of instructions response to load overcomes the over heating problems of 

executed per second. Modern cpu's often are "clocked" in high dock frequency cpu's. Dynamic adjustment of the 

excess of 200 MHz and execute many millions of instruc- 55 clock frequency by the present invention also solves other 

tions per second (mips) accordingly. Software applications pro blems that may occur with high clock frequency cpu's 

which run on computer devices using such cpu's perform such ^ excessive power consumption. Large, complex 

much better. Tnus, computer designers set the cpu clock software applications, or portions thereof, are run at maxi- 

frequency as fast as possible. mum speed in order to deliver the best performance to the 

Cpu clock frequency, however, cannot be increased with- 60 user. However, the clock frequency is reduced when peak 

out limit. If a cpu is clocked at too high a rate, problems such performance is not required, to avoid over heating of the 

as over heating and excessive power consumption occur. An q, U) 0 r other associated problems such as excessive power 

over heated cpu will not perform correctly. Over heating consumption, 
leads to computational errors, unpredictable cpu behavior, or 

even destruction of the cpu . A cpu which consumes exces- 65 BRIEF DESCRIPTION OF THE DRAWINGS 

sive power is also not suited to mobile computer device The present invention is illustrated by way of example 

applications, where power supply is limited (i.e. from and not by way of limitation, in the figures of the accom- 
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panying drawings and in which like reference numerals r to frequency generated by the clock pulse generator such that 
similar elements and in which: the clock frequency increases when the load on the cpu 

FIG. 1 shows a diagram of a cpu clock adjustment device increases and the clock frequency decreases when the load 

• „_ r . , t rl „„„„ t on the cpu decreases. An interface 103 is coupled to the 

in accordance with the present invention. „ r 1M „ . . - . , , . r . . * 

. < controller 102. The interface 103 is coupled to an interface 

FIG 2 shows a diagram of a microprocessor having an Une m The interface 103 transmits a signal describing the 
integrated cpu clock adjustment device of the present inven- bad Qn thc cpu tQ thc ^itadkt 102. The controller sets the 
tl0D * clock frequency in response to the cpu load described by this 

FIG. 3 shows a diagram of a microprocessor having an signal. In this manner, the device 100 dynamically adjusts 
external cpu clock adjustment device of the present inven- 1D the clock frequency in response to the load on the cpu. 
U0D * With reference now to FIG. 2, a block diagram of the cpu 

FIG. 4 shows a diagram of multi-microprocessor com- clock adjustment device integrated within a microprocessor 
puter system having a cpu clock adjustment device of the is shown. In this embodiment, the cpu clock adjustment 
present invention. device of the present invention 100 is integrated into the die 

FIG. 5Ashows a first portion of a flow chart of the process 15 of the microprocessor 200 itself. The exemplary micropro- 
employed by the cpu clock adjustment device of the present cesser 200 includes a memory management unit (mmu) 205, 
invention. a central processing unit (cpu) 204, and a floating point unit 

FIG.SBshowsaremainingportionoftbeflowchartofthe ( f P u ) 203 * Software instructions and data are received and 
process employed by the cpu clock adjustment device of the dispatched across a processor bus 201. The software instruc- 
present invention. 20 ^ ons a °d d ata arc processed by the mmu 205, cpu 204, and 

fpu 203, with a pipeline control 206 coordinating their 
DETAILED DESCRIPTION OF THE operation and timing. The processor bus 201 is coupled to a 

INVENTION system bus 202. The system bus is in turn coupled to the rest 

of the computer system (not shown) in order to communi- 

A device and method for dynamic cpu clock adjustment is ^ catc ^th fl, c microprocessor 200. The device of the present 
disclosed. In the following description, for the purposes of invention 100 is integrated into the same die with the 
explanation, numerous specific details are set forth in order microprocessor 200. In the present embodiment, the system 
to provide a thorough understanding of the present inven- interface line 106 is coupled to the pipeline control 206 of 
tion. It will be obvious, however, to one skilled in the art that the microprocessor 200. The clock frequency line 104 is 
the present invention may be practiced without these specific 3Q coupled to the mmu 205, the cpu 204, and the fpu 203, and 
details. In other instances, well-known structures, devices, communicates a clock frequency. The clock frequency 
and processes are shown in block diagram form in order to sep^s as the master clock signal upon which the operation 
avoid unnecessarily obscuring the present invention. an d synchronization of the components of the microproces- 

The dynamic cpu clock adjustment device of the present sor 200 are derived. The device of the present invention 100 
invention solves the over heating problems of high clock 35 determines a load on the microprocessor via the activity 
frequency cpu's. The device of the present invention deter- detected in pipeline control 206 through the system interface 
mines a load placed on thc cpu by a software program, or a line 106. In response to the determined load, the device 100 
computationally intensive portion of a software program. sets the clock frequency. When the load detected increases, 
The device adjusts the clock frequency coupled to the cpu the device 100 increases the clock frequency. When the load 
such that the clock frequency dynamically increases when 40 decreases the device 100 decreases the clock frequency. It 
the load on the cpu increases and the clock frequency should be appreciated that the components and layout of the 
dynamically decreases when the load on the cpu decreases, microprocessor 200 may vary with particular embodiments, 
thereby adjusting the clock frequency in response to the load The exemplary microprocessor 200 in accordance with the 
on the cpu. Many software applications demand very fast present invention includes a mmu 203, cpu 204, fpu 203, and 
cpu's in order to deliver their best performance to the user. 45 the like, as shown in FIG. 2. In this embodiment, the clock 
The present invention increases the clock frequency of the frequency line 104 of cpu clock adjustment device 200 is 
cpu and runs these software programs at peak performance coupled to other units in addition to the cpu 204, in order to 
for the user. When the load placed on the cpu decreases, the properly synchronize the operation of the microprocessor 
present invention decreases the clock frequency of the cpu 200. Given this, the cpu clock adjustment device 100 of the 
and avoids over heating or other problems that may arise, 50 present invention may be implemented in a number of 
such as excessive power consumption. microprocessor and system configurations, including "cpu 

With reference now to FIG. 1, a block diagram of the cpu only" integrated circuits which do not have a mmu, fpu, and 
clock adjustment device is shown. The device 100 of the the like, integrated into the same die. 
present invention is comprised of a clock pulse generator With reference now to FIG. 3, a block diagram of an 

101 for generating a clock frequency. The clock frequency 55 externally configured cpu clock adjustment device in accor- 
generated by the generator is variable over a broad fre- dance with the present invention is shown. In this 
quency range. The clock frequency is coupled to a clock embodiment, the clock adjustment device 100 is located 
frequency output line 104. Clock frequency output line 104 externally to a microprocessor 300. The device 100 is 
is coupled to a cpu (not shown) and is used by the cpu to coupled to the microprocessor 300 through the clock fre- 
synchronize and pace its internal operations. A controller 60 quency line 104. The device 100 is coupled to the system bus 

102 is coupled to the clock pulse generator, for adjusting the 202 through the system interface line 106. Additionally, the 
clock frequency from the clock pulse generator over the device is coupled to a cooling apparatus 301 through the 
frequency range. The controller is adapted to accept a control line 105. The microprocessor 300 is coupled to the 
number of different algorithms for determining the clock rest of the computer system (not shown) through the system 
frequency. The goal of the controller is to run the cpu as fast 65 bus 202. As described above, the microprocessor 300 
as possible when the cpu load is high and slow the cpu when receives a clock frequency through the clock frequency line 
peak speed is not necessary. The controller adjusts the clock 104. In this embodiment, the clock frequency coupled 



06/06/2003, EAST Version: 1.04.0000 



5,774,704 

§ 6 

through the clock frequency line 104 serves as a master The clock adjusting device detects a microprocessor load 

clock signal upon which all microprocessor 306 internal through the system interface line 106 and adjusts the clock 

clock signals are generated. The device ICO detects a micro- frequency of each microprocessor 400, 401, 402, and 403 

processor load through the system interface line 106. The accordingly, in the manner described above, 
device 100 varies the clock frequency in response to the 5 In this embodiment, the microprocessor load is derived 

detected microprocessor load as described above. The from the system bus 404 through the system interface line 

device 100 may detect, in the alternative, a load on the cpu 106, and represents a total system load on the processors 

of microprocessor 300 only and adjust the clock frequency 400, 401, 402, and 403. The device of the present invention 

in response to cpu load, or, a load on both the cpu and other can be adapted to detect a microprocessor load for each of 

portions of microprocessor 300 and adjust the clock fre- 10 the microprocessors 400, 401, 402, 403, individually by 

quency in response to the combination. In this embodiment, coupling an individual system interface line to the system 

the device 100 also controls an amount of cooling applied to bus inputs 411, 412, 413, 414, respectively (not shown). The 

the microprocessor 300 by the cooling apparatus 301 clock frequency for each of processors 400, 401, 402, and 

through control signals sent over the control line 105. The 403 would then be adjusted with respect to their individual 

device 100 increases the amount of cooling when the load 15 loads. 

detected increases and decreases the amount of cooling The device of the present invention can also be adapted to 

when the load decreases. In this manner the amount of control a cooling apparatus for the microprocessors 400, 

cooling varies depending on the load on the processor. In so 401, 402, and 403 in the manner described above. As in the 

doing, the total time the microprocessor 300 may be run at case 0 f individually adjusted clock frequencies, a separate 

a maximum clock frequency is increased, the excess heat ^ cooling apparatus can be provided for each of microproces- 

being carried away by the increased amount of cooling. sors 400, 401, 402, and 403, and an individual amount of 

Power consumption by the cooling apparatus 301, however, cooling can be controlled by the device of the present 

may be reduced by reducing the amount of cooling delivered invention 100. 

to the microprocessor 300 when the microprocessor 300 is W i m re f ere nce now to FIG. 5A and FIG. 5B, a flow chart 

running at reduced loads. 25 of an exemplary method of the present invention is shown. 

The cooling apparatus 301 may be comprised of a number piG. 5 A is the first portion of the flow chart and FIG. 5B is 

of cooling devices well known in the prior art (e.g. a heat the remaining portion of the flow chart. The flow chart is for 

sink incorporating a fan mounted directly onto the the cpu clock adjustment device embodiment shown in FIG. 

microprocessor). The cooling apparatus 301 merely delivers 3, it should be appreciated that the flow chart of FIG. 6A and 

a varying amount of cooling to the microprocessor 300 in 30 FIG. 5B may change with differing embodiments of the 

response to the control signals received over the control line present invention. The present invention follows the method 

105 from the present invention. In this manner the micro- 5$) m adjusting the clock frequency and the amount of 

processor 300 using the present invention may be "over cooling. In step 501, the clock adjustment device is initial- 

clocked"(run at higher than continuously sustainable fa^, \ Q this step the device can be configured for any 

speeds) for periods of time when maximum performance is 35 microprocessor specific information or computer system 

desired and subsequently cooled by the device 100 of the specific information (e.g. the number of processors in the 

present invention when the load is reduced and the need for system, the initial clock frequency, microprocessor thermal 

maximum performance has past. Thus, a computer system limits, and the like). In step 502, the device generates the 

including the present invention will appear faster than a initial clock frequency. The computer system functions 

standard computer system of the prior art. 40 nominally, using the clock frequency generated in step 502 

The present invention may also include an optional tem- as the master clock frequency for all its operations. In step 

perature sensor 310 coupled to the control line 105. The 503, the device detects a load on the microprocessor. In step 

temperature sensor 310 would send beat information about 504, the device determines whether the detected load is a 

the microprocessor 300 to the clock adjust device 100. The high load or a low load. If the detected load is a high load, 

clock adjust device 100 uses this information as an addi- 45 the device checks the clock frequency, step 505, and 

tional input to determine the load on the microprocessor 300 increases it to maximum if not already at maximum, step 

or to determine whether the microprocessor 300 is working 506. If the microprocessor is not under high load, the device 

"too hard"(e.g. being over clocked) and has exceeded its decreases the clock frequency if the clock frequency is at 

thermal limit. The heat information is then used to control maximum, in steps 507 and 508. In step 509, the device 

the amount of cooling or the clock frequency. It also acts as 50 detects an amount of cooling delivered from a cooling 

a safety mechanism to inform the clock adjust device 100 of apparatus. The device can be configured to set any standard 

dangerous "over temperature" conditions. amount of cooling upon start up. In this embodiment, the 

With reference now to FIG. 4, a multiprocessor computer device sets a normal amount of cooling, as opposed to a 

system including the cpu clock adjusting device of the maximum amount of cooling, initially. In step 510, the 

present invention is shown. The multiprocessor computer 55 device detects the load on the microprocessor. If the load is 

system 410 includes four microprocessors, 400, 401, 402, high, the amount of cooling is set to maximum, if not already 

and 403, although the present invention can be adapted to at maximum, in steps 511, 512. If the load is not high and 

control any number of microprocessors. Each of the micro- the amount of cooling is at maximum, the amount of cooling 

processors 400, 401, 402, and 403, are coupled to a system is decreased, in steps 513, 514. In step 515, a temperature of 

bus 404 and symmetrically divide a processing load placed 60 the microprocessor is detected. The device then determines 

upon the system 410 among themselves, thus providing for whether the temperature represents an over temperature 

a more powerful computer system than a single micropro- condition, step 516. If an over temperature condition is 

cessor system. In this embodiment, the clock adjusting detected, in step 516, the amount of cooling is increased, if 

device of the present invention 100 is coupled to the not already maximum, in steps 517, 518. If the amount of 

microprocessors 400, 401, 402, 403, through separate and 65 cooling is maximum, and the clock frequency is maximum, 

individual clock frequency lines 405, 406, 407, and 408. The the clock frequency is reduced, in steps 519, 520. At the 

system interface line 106 is coupled to the system bus 404. conclusion of step 519, or, if no over temperature condition 
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is detected in step 516, the process ends, step 521, and starts 
over again with step 503, detect a load on the microproces- 
sor. From step 503, the process repeats as described above, 
as long as the computer system is in operation. 

Hie present invention, an apparatus and method for 5 
dynamic microprocessor clock adjustment is thus described. 
While the present invention has been described in particular 
embodiments, it should be appreciated that the present 
invention should not be construed as limited by such 
embodiments, but rather construed according to the below 10 
claims. 

What is claimed is: 

1. In a computer system having a central processing unit 
(cpu), a cpu clock adjustment device, comprising: 

a clock pulse generator coupled to the cpu for generating 15 
a clock frequency, wherein the clock frequency is 
variable over a range; 

a controller coupled to the clock pulse generator for 
adjusting the clock frequency from the clock pulse ^ 
generator over the range; 

an interface coupled to the controller, the interface 
adapted to detect a load on the cpu, the interface for 
communicating the load on the cpu to the controller, 
such that the controller adjusts the clock frequency of ^ 
the clock pulse generator in response to the load on the 
cpu; and 

a cooling device coupled to the controller for delivering 
an amount of cooling to the cpu, the amount of cooling 
dynamically adjusted depending upon the load placed 30 
on the cpu. 

2. The clock adjustment device of claim 1 wherein the 
clock frequency from the clock pulse generator is dynami- 
cally adjusted by the controller depending upon the load 
placed on the cpu by a software program or a portion of a 35 
software program. 

3. The clock adjustment device of claim 2 wherein the 
clock frequency coupled to the cpu is reduced when the load 
placed on the cpu by the software program is reduced and 
the clock frequency coupled to the cpu is increased when the 40 
load placed on the cpu is increased. 

4. The clock adjustment device of claim 1, wherein the 
controller is adapted to dynamically control the cooling 
device to deliver the amount of cooling to the cpu. 

5. The clock adjustment device of claim 4 wherein the 45 
amount of cooling delivered to the cpu is adjusted depending 
upon a load placed on the cpu, the amount of cooling 
increased when the load placed on the cpu increases. 

6. The clock adjustment device of claim 1 wherein the 
controller adjusts the clock frequency coupled to a plurality 50 
of cpu's in response to a load on the plurality of cpu's. 

7. The clock adjustment device of claim 6 wherein the 
controller adjusts the clock frequency coupled to the plu- 
rality of cpu's on either an individual basis, or, a collective 
basis. 55 

8. The clock adjustment device of claim 1 further com- 
prising a temperature sensor coupled to the controller, the 
temperature sensor coupled to the cpu, for sending a tem- 
perature of the cpu to the controller, wherein the controller 
adjusts the clock frequency depending upon the temperature go 
of the cpu. 

9. In a microprocessor based computer system for running 
software, a central processing unit (cpu) clock adjustment 
device, comprising: 

a clock pulse generator coupled to the cpu for generating 65 
a clock frequency, wherein the clock frequency is 
variable over a range; 
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a controller coupled to the clock pulse generator for 
adjusting the clock frequency from the clock pulse 
generator over the range, the controller adapted to 
detect a load on the cpu, wherein the controller adjusts 
the clock frequency of the clock pulse generator in 
response to the load on the cpu; 

a temperature sensor coupled to the controller for sending 
a temperature of the cpu to the controller, wherein the 
controller adjusts the clock frequency depending upon 
th e temperature of the cpu; and 

a cooling device coupled to the controller for delivering 
an amount of cooling to the cpu, the amount of cooling 
dynamically adjusted depending upon the load placed 
on the cpu. 

10. The clock adjustment device of claim 9 wherein the 
clock frequency from the clock pulse generator is dynami- 
cally adjusted by the controller depending upon the load 
placed on the cpu by software. 

11. The clock adjustment device of claim 10 wherein the 
clock frequency coupled to the cpu is reduced when the load 
placed on the cpu by the software is reduced and the clock 
frequency coupled to the cpu is increased when the load 
placed on the cpu is increased. 

12. The clock adjustment device of claim 9 wherein the 
controller is adapted to dynamically control the cooling 
device to deliver the amount of cooling. 

13. The clock adjustment device of claim 12 wherein the 
amount of cooling delivered to the cpu is adjusted depending 
upon a load placed on the cpu, the amount of cooling 
increased when the load placed on the cpu increases. 

14. The clock adjustment device of claim 9 wherein the 
controller adjusts the clock frequency coupled to a plurality 
of cpu's in response to a load on the plurality of cpu's. 

15. The clock adjustment device of claim 14 wherein the 
controller adjusts the clock frequency coupled to the plu- 
rality of cpu's on either an individual basis, or, a collective 
basis. 

16. In a computer system having a central processing unit 
(cpu), a method for adjusting a clock frequency coupled to 
the cpu, comprising the steps of: 

generating the clock frequency, wherein the clock fre- 
quency is used by the cpu to synchronize internal 
operations of the cpu; 

detecting a load on the cpu, wherein the load originates 
from software executing on the cpu; 

increasing the clock frequency when the load placed on 
the cpu exceeds a threshold; 

decreasing the clock frequency when the load placed on 
the cpu does not exceed the threshold, such that the 
clock frequency is dynamically adjusted in response to 
the load placed on the cpu by software; 

setting an amount of cooling delivered to the cpu; 

increasing the amount of cooling delivered to the cpu 
when the load placed on the cpu by software exceeds 
the threshold; 

decreasing the amount of cooling delivered to the cpu 
when the load placed on the cpu by software does not 
exceed the threshold, such that the amount of cooling 
is dynamically adjusted in response to the load placed 
on the cpu. 

17. The method of claim 16, further comprising the steps 

of: 

determining whether an over temperature condition exists 
in the cpu; 

decreasing the clock frequency if there is an over tem- 
perature condition in the cpu. 
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18. The method of claim 16, further comprising the steps the operation of the microprocessor, the load determined by 
of: monitoring the activity of the pipeline control. 

setting an amount of cooling delivered to the cpu; 22 - ^ clock adjustment device of claim 20 wherein the 

A . ... , A JL clock frequency from the clock pulse generator is dynami- 

mcreasing the amount of cooling delivered to the cpu caU a£ ^ ted ' b the comroUer depending upon the load 

when the load placed on the cpu by software exceeds placed on ^ microprocessor by a software program or a 

the threshold; portion of a software program, 

decreasing the amount of cooling delivered to the cpu 23. The clock adjustment device of claim 22 wherein the 

when the load placed on the cpu by software does not clock frequency coupled to the microprocessor is reduced 

exceed the threshold, such that the amount of cooling 1Q when the load placed on the microprocessor by the software 

is dynamically adjusted in response to the load placed program is reduced and the clock frequency coupled to the 

on the cpu. microprocessor is increased when the load placed on the 

19. The method of claim 18, further comprising the steps microprocessor is increased. 

0 f. 24. The clock adjustment device of claim 20 further 

» j , A A ,. A . ,_ A comprising a cooling device coupled to the controller for 

determining whether an over temperature condition exists 1S amoun t 0 f cooling to the microprocessor, the 

in tne cpu, amount of cooling dynamically adjusted depending upon the 

increasing the amount of cooling if there is an over load placed on the microprocessor. 

temperature condition in the cpu. 25. The clock adjustment device of claim 24 wherein the 

20. In a computer system having a microprocessor, a amount of cooling delivered to the microprocessor is 
microprocessor clock adjustment device, comprising: 20 adjusted depending upon a load placed on the 

a clock pulse generator coupled to the microprocessor for microprocessor, the amount of cooling increased when the 

generating a clock frequency, wherein the clock fre- load P laced 00 the microprocessor increases, 

quency is variable over a range; 26 ' ^ cl ? ck adjustment device of claim 20 wherein the 

controller adjusts the clock frequency coupled to a plurality 

a controller coupled to the clock pulse generator for 0 f microprocessor's in response to a load on the plurality of 

adjusting the clock frequency from the clock pulse microprocessor's. 

generator over the range; 27. The clock adjustment device of claim 26 wherein the 

an interface coupled to the controller, the interface controller adjusts the clock frequency coupled to the plu- 

adapted to detect a load on the microprocessor, wherein rality of microprocessor's on either an individual basis, or, 

the load is determined by monitoring a pipeline control 3Q a collective basis. 

within the microprocessor, the interface for communi- 28. The clock adjustment device of claim 20 further 

eating the load on the microprocessor to the controller, comprising a temperature sensor coupled to the controller, 

such that the controller adjusts the clock frequency of the temperature sensor coupled to the microprocessor, for 

the clock pulse generator in response to the load on the sending a temperature of the microprocessor to the 

microprocessor. 35 controller, wherein the controller adjusts the clock frequency 

21. The clock adjustment device of claim 20 wherein the depending upon the temperature of the microprocessor, 
pipeline control is coupled to a floating point unit, a memory 

management unit, and a central processing unit to coordinate * * * * * 
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